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(54) Dual-mode ceiiularteiephone system 

(57) The present invention is directed Jo provide a 
dual-mode cellular telephone system which is capable 
ot suppressing a narrow-band disturbing signal appear- 
ing in a mobile station of a dual-mode cellular telephone 
system adapted to an analog system and digital CDMA 
system. A CDMA signal from a CDMA base station and 
a narrow-band signal from an analog system are re- 
ceived through an antenna (101) by receiver (102) 
whereby they are amplified, subjected to frequency con- 



version and, then, input to a variable notch fitter (105). 
A disturbing signal detection circuit (106) supplies the 
variable notch filter (1 05) with a control signal for making 
its frequency be variable. Namely, the disturbing signal 
detection circuit (1 06) detects a case that an output level 
of the variable notch filter (105) becomes minimal by 
changing the notch frequency by sweeping control sig- 
nals. A control signal at which the output level of the 
variable notch filter (1 05) is minimal Is fed to the variable 
notch filter (105). 
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Toaether with multimedia, personal communica- 
tions TowhgP-ple to communicate w«h anyone by 
Ty mldium'^y^here and at any time represen^^ 
of the most prospective fields of strong Pfe"''^'^/^ 
iScommSnications are included in bo,. c^^^^^^ 
wired and wireless te>ecommun,cat.ons. Great hope^^ 
are placed on wireless communications. In. wireless 
:"mlications, portable phoneshaveb^^^^^^^^^ 

day in developed countries so '^P^'^^ '^'^'J^^Z, 
ti analog communication ^Vf "^^^l^^ 
the increasinq demand. Accordingly, digital systems 
Z^ZTZ^^e.X in capacity of accommodating sub- 
2^^eJ, communication costs, secrecy and vanety of 

SS:::nrp.:Acrss)LcaMA^^^^^^^ 

Lion Multiple Access). The CDMA is now much aflracts 
the users Since is excellent the c^P^^"^^^^ 
rnodating subscribers than the TDMA method. 

The CDMA system uses the spread-spectrum tech- 
nique that tls^irts a signal carrying an informaUon 
spread over a bandwidth much wider than the inf orma , 
Uon Sett-occupied bandwidth by using spread coding 
Sstem There'are two methods ot spread-specuum 
Ictrque: one is direct-spreading (DS) method an^e 
ler I frequency hopping (FH) ^^^'^J^''^'^^^^ 
telephone system uses the DS method. With the CDMA 
uShe DS technique, each mobile station may sp^ad 

3ra by using different spread code and transmit the 
SSnne.signaimultip.ied in thes^^^^^^^^^^^ 
On the other hand, the receiving side demodulates only 
Se diired signal by despreading with the sarne spread 
code d the desired receh,e channel, separating other 
Serencesignaisaswide-bandnoises.Thus,theCD- 
S s stem usfng the spread-spectrum techr^ue ofl s 
a number of advantages: it can accommodate a large 
number of subscribers, allow asynchronous accessing 
beTr against multi-path fading, enable sott-hand-o« bj 
using a plurality of rake-receivers and have a high du 

a^.^ against interferences from other systems a 
NQh secrecy property On the other hand, mobile com- 
mfnicaSons U uLally have inte-ferenoe ^n.^_ 
much larger than desired receive signals causing rn 
pa mentof acarrier-to-notee (C/N) --t'oda^g^atte 
■ desoreading. i.e., making it impossib.e to conduct cor 
aTomlnicatlons. According., the CDMA system 
equires fine control of transmisston P^^er. Thus^ the 
diialcommunk:ationsystemsarereplacingthean^og 
Simunicationsystemssincetheformersyslen;«have 

Sent features over the latter. However, digital and 
ani systems coexist while shiftingto the d.grtal com- 
munioations. Mobile stations must be dual-mode termi- 
nals adapted to analog and digital systems 

In the dual-mode cellular telephone systems adapt 



ed to the analog system and the ^ Qrtal CD^^^^^^^^ 
analoganddignalsystemscanwork.n»^ 

cy spectra in the same area or "e-ghboring areas^ How 
ever^hefollowingfourkindsofinterferenc mod^^^^^^ 
s occur between the base stations and mobile stations ot 

. two different systems. 



(1) interference from the analog base station to the 

riiaital CDMA mobile station; 
S Serence from the digital CDMA base station 

to the analog mobile station; ... 4^ 

3) interterence from the analog mobile station to 
the diaital CDMA base station and 
W Srference from the digital CDMA mobile sta- 
tion to the analog base station. 

AmonQtheabove,interterencemode(1)isthemost 

impor^m Namely, the interference rn°de (J) -^^^^^ 
Jrj large at a mobile station working in the digrtal CD 
20 MAmodeifthemobilestationlocatesfarfromtheCDMA 
basSon and near to the analog base statin. Here- 
Ster erains a disturbance by interference from an 
antlog ba e^ ^^^^^^ to a digital CDMA mob«e sta^^r. 
rhe mobile station is communicating intheCDMAmode 
2S wrthrcDvJ^ base station, receiving, atthesametime 
Tnumber oTnarrow-band signals as distuning senate 
Sor^Tn analog base station existing in the neighboring 
Ja Tn r case, the narrow-band analog s^nals rnay 

Jrgel a«lct the mobile station since they have much 
30 hiaher level than the desired CDMA-band signa . 
. ' 'l;,ree interference modes may occur as follows: 

(a) An interference by intermodulation^d^ortion 
causedfrom non-linearity of a receiver of the CDMA 

" Cah— cebyintermodu,ationdis..ion 
causedfromnon-linearityofatransmittersystemof 

the analoq base station; 

To A^lrf erence by sideband noises ot transmis- 
40 sion signals from the analog base station. 

The interference mode (c) is a phenomenon that 

r=frs:r^-s^^^^^^^ 

. ^"^rr^raSatamobiie station woJ<ingin^ 
CDmS r^ode are receiving a number of ar^alog sy^^ 
Snals. When a large-power level narrow-band ana og 
s gnals (f, , fa and so on) are input to a rece.ver^a large 
numberoth1rdandfifthinlermodulationdistortions(2fr 
„ ?Tf f 9f 3f,-2f, and so on) may occur in a re- 
" l^eive'due ;ot 1 inearlty of its components (e.g 
a ^NA (Low Noise Amplifier), mixer and so on), produ - 
fng a large number of narrowband disturbing signals in 
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a frequency band eorresporiding to the CDMA band. 
The produced narrow-band disturbing signals having 
very high levels results in increasing noise level after 
despreading the received signal by the despreading 
portion. Consequently, such a problem arises that the 
signal may represent erroneous data due to its insuffi- 
cient carrier-to-noise (C/N) ratio. 

An analog base station transmits a large number ot 
narrow-band signals at a time and, therefore, may pro-, 
duce a large number of narrow-band disturbing signals 
within a frequency band corresponding to a CDMA band 
due to intermodulation distortions (of 3rd-order, 5th-or- 
der and so on) if its transmission system (transmission 
power amplifier) has nori -linearity. Accordingly, the an- 
alog transmission system is usually designed so that in- 
termodulation distortion may be satisfactorily small. 
However, the CDPk/IA mobile station may receive at its 
receiver a relatively high-level narrow-band disturbing 
signal while it works near the analog base station. Con- 
sequently, a noise level of the received signal is in- 
creased after despreading by a despreading portion. An 
erroneous data may be produced due to insufficient car- 
rier-to-noise ratio. This is a problem to be solved. 

SUMMARY OF THE INVENTION 

The present invention is intended to provide a dual- 
mode cellular telephone system adapted to worl< in both 
analog mode and digital CDMA mode, which mobile sta- 
tion is provided with a narrow-band disturbing signal 
suppression circuit capable of effectively suppressing 
narrow-band disturbing signals occurring thereat and in- 
fluencing a receiver. 

An object of the present invention is to provide a 
. dual-mode cellular telephone system adapted to an an- 
alog system and a digital CDMA system, wherein a mo- 
bile station receiver is provided with a narrow-band dis- 
turbing signal suppression circuit with a notch filter for 
suppressing a disturbing signal resulted from an inter- 
modulation distortion produced by a plurality of trans- 
mission channel signals from an analog base station. 

Another object of the present Invention is to provide 
a dual-mode telephone system adapted to an analog 
system and a digital CDMA system, wherein a mobile 
station receiver is provided with a narrow-band disturb- 
ing signal suppression circuit with a notch filter for sup- 
pressing a disturbing signal resulted from an intermod- 
ulation distortion produced inside the receiver when re- 
ceiving a plurality of transmission channel signals from 
an analog base station. 

Another object ot the present invention is to provide 
a dual-mode cellular telephone system which is charac- 
terized in that the notch filter has at least one previously 
determined notch frequency. 

Another object of the present invention Is to provide 
a dual-mode cellular telephone system which is charac- 
terized in that the mobile station is provided with a re- 
ceiving portion and a level detecting circuit which mon- 



itors an output level of the receiving portion and, only in 
the case of the output level exceeding.a previously de- 
termined reference level, controls the notch filter to pos- 
sess the specified notch characteristic. . 

5 Another object of the present invention is to provide 
a dual-mode cellular telephone system which is charac- 
terized in that a notch frequency of the notch filter is var- 
iable and is controlled to be the same as a presumable 
frequency o1 a narrow-band disturbance signal. 

10 Another object of the present invention is to provide 
a dual-mode cellular telephone system which is charac- 
terized in that the notch filter has a variable notch fre- 
quency under control and is provided with a disturbing 
signal detection circuit for detecting a specified value of 

IS the variable notch frequency, at which the notch filter 
has a minimal output, and supplying the notch filter with 
a control signal corresponding to the detected frequen- 
cy. 

Another object of the present invention is to provide 
20 a dual-mode celluiartelephone system which is charac- 
terized in that the notch filter has a plurality of notch fre- 
quencies under control being variable at a time and is 
provided with the disturbing signal detection circuit for 
detecting a combination of the plurality of notch frequen- 
ts cies under control, at which the notch filter has a minimal 
output, and supplying the notch filter with a control signal 
corresponding to the detected combinatbn of plurality 
of notch the frequencies under control. 

Another object of the present invention is to provide 
30 a dual-mode celluiartelephone system which is charac- 
terized in that the notch filter has two notch frequencies 
being variable at a time, one of which is variable within 
a lower sub-band of a desired band and the other is var- 
iable within a higher sub-band 'of the desired band. 
35. Another object of the present Invention Is to provide 
a dual-mode celluiartelephone system which is charac- 
tenzed in that a combination of the plurality of notch fre- 
quencies under control is determined, then several of 
the notch frequencies are fixed and the other notch f re- 
40 quencies are continuously changed while detecting a 
change in an output level of the notch filter during com- 
munications. 

Another object of the present invention is to provide 
a dual-mode celluiartelephone system which is charac- 
45 tenzed in that the disturbing signal detecting circuit mon- 
itors an output level of the notch filter and. only in the 
case of the output level exceeding a predetermined ref- 
erence level, controls the notch filter to have a notch 
characteristic. 

so Another object of the present Invention is to provide 
a dual-mode celluiartelephone system which is charac- 
terized In that the notch filter has a variable notch fre- 
quency under control and is provided with a frequency 
detecting circuit for analyzing a frequency component 

ss exerting a narrow-band disturbance on a CDMA-band 
signal and supplying the notch filter with a control signal 
corresponding to the detected frequency component. 
Another object of the present invention is to provide 
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a dual-mode cellular telephone system which is charac- 
terized in that the .frequency detecting c.rcurt perfomns 

'^tXrt^Sthepresent invention.^ 
a dual-mode cellular telephone system which ,s charac- 
terized in that the frequency detecting circuit monitors a 
received signal level of the mobile station and, on^'" 
the case of the received signal level exceeding a prede- 
termined reference level, controls the notch filter to have 

a notch characteristic, 

in the above-mentioned dual-mode cellular tele- 
phone system, the notch fitter can effectK^ely suppress 
a disturbing signal due to intermodulation distortion 
caused by a plurality of transmission channel signals 
"cm me analog base station as well as a distu^-g -g- 
nal due to intermodulation distortion occurred in a re- 
ceiver when having receK^ed a plurality of trBns-.ssion 
channel signals from the analog base station. This 
makes'tpc^sibletomaintainasufficientcarrier-to-noise 

ratio of a desired signal after despreading. 

Withthenotchfilterhavingavariablenotohfrequen- 

cy. the disturbing signal detection circuit detects a notch 
Squency at which the notch filter has a minimal omput 
an3 gh/es the notch filter a control signal corresponding 
to the detection result. . 

With the notch filter having a plurality of notch fre- 
quencies variable at the same time, the disturbing signa 
SetectioncircuitdetectsacombinationofthepluraliJ-o 
notch frequencies atwhich the notch filterhasarnir.mal 

output and gives the notch filter a control signal corre- 

sDonding to the detection result. 

The frequency detecting circuit analyzes frequency 

components giving a narrow-band disturbance to a C^^^^^ 

MA band signal and gives the notch filter a control signal 

corresponding to the analyzing result. 

BRIEF DESCRIPTION OF DRAWINGS 



in a dual-mode cellular telephone system, which is an 
embodiment of the present invention. 

Fig 9 is a graph showing an effect of a notch filter 
in suppressing a narrow-band disturbing ^'f^'- 
s Fig 10 is a graph showing an attenuat«ncharac- 

teristic of a notch filter when working with a plurality of 

notch frequencies. . o ««trh titter 

Fiq 11 is a graph showing an effect of a notch fitter 
in suppressing a narrow-band disturbing signal when 
10 working with a plurality of notch frequencies. 

Fiq 12 IS a construction diagram of a narrow-band 
disturbing signal suppression circuit of a mobile s^at^n 
in a dual^ode cellular telephone system, which is an- 
other embodiment of the present invention. 
,s Fig. 13 is a construction diagram of a narrow-band 

disturbing signal suppression circuit of a mobile stetson 
in a dual-mode cellulartelephone system, whKih IS afur- 

ther embodiment of the present invention. 



Fig 1A is illustrative of service areas of an analog 
system and a digital CDMA system. .^^^^ 

Fig IB is illustrative of service areas of another an- 
alog system and a digital CDMA system. 

Fig 2 is illustrative of an interference of an analog 
base station on a digital CDMA mobile station^ 

Fig 3 is view for explaining another interference of 
ananalogbasestationonadigttalCDMAmobilestation. 

Fiq 4 is a graph showing an interference of side- 
band-noises of transmission channel 1 signal of an an- 
aloQ base Station. . 

Fig. 5 is a graph showing a narrow-band distur- 
bance due to intermodulation distortion. 

Fig 6 is a graph showing a spectrum after de- 
spreading with a narrow-band disturbing signal. 
^ Fiq 7 is a graph showing a distortion component of 
an intermodulation of a transmission channel signal and 
a transmission system at an analog base station. 

Fiq 8 is a construction diagram of a narrow-band 
disturbing signal suppression circuit ot a mobile station 



20 PREFERRED EMBODIMENTS OF THE INVENTION 

Prior to explaining preferred embodiments of the 
present invention, dual-mode cellular telephone sys em 
Lie art on which the present invention stand, wi I be 
.5 Scribedbelowasreferencesforthepresent|n^^^^^^^^ 

Together with multimedia, personal communica 
lions artowlng people to communicate with anyone by 
rymedlum.Vnywhereandatanytimerepresem 

of me most prospective fields of strong potential. Per 
30 la communications are included in both concepts o 

Wired and wireless telecommunications. Great hopes 
Te placed on wireless communications. In wiretess 
communications, portable phones havebeen spreadto- 

davrdeveloped countries so rapid^, mat the conven^ 
o Analog communication systernco^d^^^^^^^^ 
me increasing demand. Accordingly, digital systems 
lich are excellent in capacrty of accommodating sub- 
Sers, communication costs, secrecy and verity of 
ommunications are nowadays prevailing over the a^ 
40 aloq systems. There are two digital memods - TDMA 
SeDivisionMultipleAccess)andCDMA(C^^^^^^^^ 
Son Muttlple Access). The CDMA is now rnuch att acts 
me users since it is excellent in me capacrty of accom- 
modating subscribers than me TDMA method. 
4S IheCDMAsystemusesmespread-spectrumtech^ 
nique that transmits a signal 'tarrying an .nfo» 
spread over a bandwidth much wider man the .nforma- 
ton ttself-occupied bandwidth by using spread cod ng 
system. There are two methods of spread-spectrurn 
50 Sique-.oneisdirect-sprBading(DS)methodandthe 
othelTs frequency hopping (FH) method. The cettular 
iphone system uses me DS method. Wim me CDMA 
usfngtheDStechnique. each mobile stationmayspread 

spectra by using different spread code and transmit the 
55 coded channel signal multiplied in me same bandwidth, 
on me omer hanS, the receiving side demodulates only 
me desired signal by despreading with the sanne spread 
ootio of the desired receive channel, separating omer 
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interference signals as wide-band noises. Thus, the CD- 
MA system using the spread-spectrum technique offers 
a number of advantages: it can accommodate a large 
number of subscribers, allow asynchronous accessing, 
bear against multi-path fading, enable soft-hand-off by 
using a plurality of rake-receivers and have a high du- 
rability against interferences from other systems and a 
high secrecy property. On the other hand, mobile com- 
munications may usually have disturbing signals nnuch 
larger than desired receive signals, causing impairment 
of a carrier-to-noise (C/N) ratio of a signal after de- 
spreading, i.e., making it impossible to conduct correct 
communications. Accordingly, the CDMA system re- 
quires fine control of transmission power. 

Thus, the digital communication systems are re- 
placing the analog communication systems since the 
former systems have excellent features over the latter. 
However, digital and analog systems coexist while shift- 
ing to the digital communications. Mobile stations must 
be dual-mode terminals adapted to analog and digital 
systems. 

In the dual-mode cellular telephone systems adapt- 
ed to the analog system and the digital CDMA system, 
analog and digital systems can work in different frequen- 
cy spectra In the same area or neighboring areas as 
shown in Figs. 1 A and 1 B. However, in the shown cases, 
the following tour kinds of wave interference modes may 
occur between the base stations and mobile stations of 
two different systems. 

(1 ) Interference from the analog base station to the 
digital CDMA mobile station; 

(2) Interference from the digital CDMA base station 
to the analog mobile station; 

(3) Interference from the analog mobile station, to 
the digital CDMA base station and 

(4) Interference from the digital CDMA mobile sta- 
tion to the analog base station. 

Among the above, interterence mode (1 ) is the most im- 
portant. Namely, the interference mode (1) becomes 
very large at a mobile station working in the digital CD- 
MA mode as shown in Fig. 2 if the mobile station locates 
far from the CDMA base station and near to the analog 
base station. Fig. 3 is a viewfor explaining a disturbance 
by interference from an analog base station to a digital 
CDMA mobile station. The mobile station 100 is com- 
municating in the CDMA mode with a CDMA base sta- 
tion 200. receiving, at the same time, a number of nar- 
row-band signals as disturbing signals from an analog 
base station 300 existing in the neighboring area. In this 
case, the narrow-band analog signals may largely affect 
the mobile station 1 00 since they have much higher level 
than the desired CDMA-band signal. 

Three Interference modes may occur as follows: 

(a) An interference by intermodulation distortion 
caused from non-linearity of a receiver of the CDMA 



mobile station; 

(b) An interference by intermodulation distortion 
caused from non-linearity of a transmitter system of 
the analog base station; 
5 (c) An interference by sideband noises of transmis- 
sion signals from the analog base station. 

Referring to Fig. 4, the interference mode (c) is a 
phenomenon that sideband noises of an analog signal 

10 from an analog base station may fall, as a disturbing sig- 
nal, into a bandwidth of the CDMA system if the analog 
transmission-channel bandwidth is near the CDMA 
bandwidth. The effect of this mode is smaller than the 
modes (a) and (b). 

IS The causes and problems of interference modes (a) 
and (b) are as follows: 

Fig. 5 illustrates a case that a mobile station 100 
working in the CDMA mode are receiving a number of 
analog system signals. When a large-power level nar- 

20 row-band analog signals (f^ , f2 and so on) are input to a 
receiver 102, a large number of third and fifth intermod- 
ulation distortions (2iy^2' ^k-U' ^U-^2* ®o 
on) may occur In a receiver 102 due to the non-linearity 
of its components (e.g., a LNA (Low Noise Amplifier), 

26 mixer and so on), producing a large number of narrow- 
band disturbing signals in a frequency band correspond- 
ing to the CDMA band. The produced narrow-band dis- 
turbing signals having very high levels results in increas- 
ing noise level after despreading the received signal by 

30 the desprcader 103. Consequently, such a problem aris- 
es that the signal may represent erroneous data due to 
its insufficient carrier-to-noise (C/N) ratio as shown in 
Fig. 6. 

As shown in Fig, 7, an analog base station 300 
35 transmits a large number of narrow-band signals at a 
time and, therefore, may produce a large number of nar- 
row-band disturbing signals within a frequency band 
corresponding to a CDMA band due to intermodulation 
distortions (of 3rd-order, 5th-order and so on) if its trans- 
40 mission system (transmission power amplifier) has non- 
linearity. Accordingly, the analog transmission system is 
usually designed so that intermodulation distortion may 
be satisfactorily small. However, the CDMA mobile sta- 
tion 1 00 may receive at its receiver 1 02 a relatively bigh- 
ts level narrow-band disturbing signal while it works near 
the analog base station 300. Consequently, a noise level 
of the received signal is increased after despreading by 
a despreader 1 03. An erroneous data may be produced 
due to insufficient carrier-to-noise ratio. This is a prob- 
so lem to be solved. 

Preferred embodiments of the present invention will 
be described below in detail with reference to accompa- 
nying drawings wherein portions similar to those of the 
system according to the basic art above-described are 
55 given the same numerals. 

Fig. 8 shows a block diagram of a narrow-band dis- 
turbing signal suppression circuit mounted in a mobile 
station 100 of a dual-mode, cellular telephone system 
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embodying the present invention. 

Tn Fig e a CDMA signal trom a CDMA base station 
and an anatog signal from an analog base station are 
received by a receiver antenna 101. The received s g- 
nals are input to a receiver 102 whereby they are sub- 
jected to amplification and frequency conversion and 
then input to a variable notch filter 105 being suppUed 
with a notch-frequency varying control signal from a dis- 
turbing signal detecting circuit 106. By sweeping he 
control Signal, the disturbing signal detecting circuit 106 
changes the notch frequency of the variable notch ft«er 
105 to detect afrequency at which the notch filter has a 
minimal output level. As shown in Fig. 9, a narrowband 
disturbing signal little remains within the CDMA band 
when the notch frequency meets wfth the narrowband 
disturbing signal giving a largest i"""^"''^ ^'f^^ ' 
Namely, the variable notch filter 1 05 has a minimal out- 
put level. Accordingly, a sufficient carrier-to-noise ratio 
01 a signal alter despreading can be attained by gwing 
the variable notch filter 105 the control signal causing 
the notch filter to have the minimal output level ((b) in 

'''^'?nFig 9 there is shown a notch filter having a notch 
frequency. The use of a notch filter having a plurality of 
notch frequencies attains a further increased effect 

Fia 10 is a graph showing an attenuation frequen- 
cy-characteristic of a variable notch fitter 105 ha^jng a 
pWality of notch frequencies to be varied The disturb^ 
ing signal detection circuit 106 separately changes 
notch?requencies (f„„ f„., f„„) and « ^^corn^" 
nation of the plurality of notch frequencies, which caus- 
es the variable notch filter 105 has a minima outpu ev- 
el. Then, it gives the notch filter 105 a control signal that 
Dfoduces the above-mentioned effect. 

in this case, as shown in Fig. 11 . it is possible to 
suppress a number of narrow-band disturbing signal at 
the same time by using a plurality of notch frequencies. 
This can further improve a carrler-to-noise ratio of a de- 
sired signal after despreading. A method of sweeping a 
plurality of notch frequencies is as follows: The CDMA 
f requency band Is divided Into the same number of sub- 
bands as that of notch frequencies and the respective 
notch frequencies are swept on the respective frequen- 
cy bands. This feature can fast detect a minimum output 
level of the variable notch fitter 105. 

For example, with the variable notch fitter 105 hav- 
ing two notch frequencies (f„, f„2). the CDMA frequency 

band is divided into two (low and high) bands and two 
notch frequencies are swept from respective band ends. 
This enables a high-speed detection of the notch fre- 

^"^"t'Talso possible to first detemnine a combination 
of a number of notch frequencies, fix some of the notch 
frequencies and continue sweeping of remaining notch 
frequencies. In this instance, the variable notch filter 105 
may largely vary tts output level when a considerable 
change in interference levelofadisturbing signal occurs 

during communications. Namely, the disturbing signal 



delecting circuit 106 can detect a change an 'n^^' 
ence level of disturbing signals by a change an °utp"t 
level of the variable notch filter 105. Accordingly, the dis- 
turbing signal detected circuit 106 can follow a change 
£ in the interference condition during communication by 
giving a control signal corresponding to the change to 
the variable notch filter 105. 

ir, a dual-mode cellular system working in an analog 
rr^de and a digital CDMA mode, frequency channels 
10 are usually known and, therefore, afrequency band that 
may cause a narrow-band disturbance can be previous- 
ly calculated by the controller 104. Therefore, rt is pos- 
sible to reduce an influence of the narrow^jand distur- 
bance from the initial stage of communication by giv ng 
,5 a control signal based upon the calculation resutt to the 
variable notch fitter 105. „„,^KfiitBr 
in the foregoing description, the variable notch f tter 
105 is used with its notch characteristic being ON f om 
the beginning. However, this may cause an aWenua ion 
20 of a desired CDMA signal received if there is no high- 
level disturbing signal that may cause a problem. Ac- 
cordingly, the disturbing signal detection circurt 106 rnay 
controFthe variable notch filter 105 not to in.t«l^ exert 
notch characteristic. Namely, the disturbing signal de- 
2S tection circuit 106 monttors the output level of the van- 
able notch filter 105 and control the variable notch fitte 

?o exe^notch characteristic only w^en the output 1^^^^^ 
of the notch filter 105 exceeds the Predetermined refer- 
ence level. The ON-OFF control of notch characteristic 
30 according to the degree of influence of the narrow-band 
disturbing signal may realize an adaptive suppression 

of disturbing signals. w„„rfrfietiirh 
FIQ 1 2 Is a block diagram of a narrow-band disturb- 
ing signal suppression circuit used in a mobile stajon 
3S 100foradual-modecellulartelephonesyste^n^M^lch.s 

another embodiment of the present invention. In F g. 12. 
components similar in function to those of Rg^S are giv- 
en the same numerals. The difference of this ernbodi- 
ment from the embodiment shown in Fig 8 is that a Ue- 
40 quency detecting circutt 107 is used in place of the dis- 
turbing signal detection circutt 106. The frequency de- 
tecting circurt 1 07 analyzes a frequency of a CDMA sig- 
nal outputted from a receiver 102, for example, by per- 
forming Fourier transformation. ^\„„,i„„ 
« in the shown embodiment, the 'requency detecting 
circuit 107 has an output being reflective of a h gh-level 
narrow-band disturbing signal if such one contained in 
areceivedCDMAsignal.Accordlngly.afrequencyofthe 

most influential narrow-band disturbing signal can be 
so found and a control signal causing a vanablanoteh f tter 
1 05 to have a notch frequency suppressing the frequen- 
cy component, thus attaining an excellent carrier-to- 
noise ratio of an output at a despreader 103. 

With an input containing a number of narrow-band 
ss disturbing signals of a similar level, the frequency de- 
tecting circuit 107 has an output reflecting these f e- 
quency components. Accordingly, the vanable notch fil- 
ter 105 having a plurality of notch frequences is used 
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for the above-mentioned case, assuring further reduc- 
tion, of an influence of the narrow-band disturbance. 

The use of the variable notch filter 1 05 being always 
switched ON may cause an attenuation of a desired CD- 
MA signal received if there is no high-level disturbing 
signal that nnay cause a problenn. And the attenuation 
of a desired CDMA signal brings the receiving charac- 
teristic for the worse. Accordingly, the frequency detect- 
ing circuit 107 may control the variable notch filter 105 
not to initially exert notch characteristic. Namely, the fre- 
quency detecting circuit 107 observes the output level 
of the receiver 102 and control the variable notch filter 
to execute notch property only when the output level of 
the receiver 102 exceeds the predetermined reference 
level. The ON-OFF control of notch characteristic ac- 
cording to the degree of influence of the narrow-band 
disturbing signal may realize an adaptive suppression 
of disturbing signals. 

Fig. 1 3 is a block diagram of a narrow-band disturb- 
ing signal suppression circuit used in a mobile station 
100 for a dual-mode cellular telephone system which is 
a further embodiment of the present invention. In Fig. 
13, components similar in function to those of Figs. 8 
and 12 are given the same numerals. The difference of 
this embodiment from the embodiments shown in Figs. 
8 and 1 2 exists in that a notch frequency is fixed by using 
a fixed notch filter 1 08 in place of the variable notch filter 
105. This design makes the structure of the disturbing 
signal suppressing circuit be simple since it eliminates 
the necessity of using the disturbing signal detection cir- 
cuit 106 or the frequency detecting circuit 107. . 

As described before vvith reference to Fig. 8, the du- 
af-mbde telephone system working in an analog mode 
and a CDMA digital mode usually uses known frequency 
channels and can therefore predict a frequency band 
causing a narrow-band disturbance. Accordingly, it is 
possible to reduce an influence of the narrow-band dis- 
turbance by designing fixed notch filter 108 having a 
notch frequency based on the prediction result. The 
notch filter 108 may have, of course, a plurality of fixed 
notch frequencies. Furthermore, it is also possible to 
provide a level detecting circuit 1 09 that monitors an out- 
put level of a receiver 102 and switches ON the notch 
characteristic of the fixed notch filter 108 only when the 
output of the receiver 1 02 exceeds a predetermined ref- 
erence level. Namely, the ON-OFF control of notch char- 
acteristic according to the degree of influence of the nar- 
row-band disturbing signal may realize an adaptive sup- 
pression of disturbing signals. 

In comparison with the embodiments of Figs. 8 and 
12, the embodiment of Fig. 13 is somewhat inferior in 
its ability of suppressing narrow-band disturbing signals 
but has a simplified circuit construction that does not re- 
quire control and is adapted to high-speed processing. 

With the dual-mode cellular telephone system pro- 
vided with a narrow-band disturbing signal suppression 
circuit accordingto the present invention, a narrow-band 
disturbing signal at a mobile station of the dual-mode 



telephone system adapted to the analog and digital CD- 
MA signals can be effectively suppressed by a notch fil- 
ter to maintain well-conditioned telecommunication. A 
number of narrow-band disturbing signals can be sup- 

s pressed at the same time by using a plurality of notch 
frequencies. Thus, the receiving characteristic can be 
further improved. 

Rapid suppression of disturbing signals by following 
a . change in disturbance level of interference signals 

10 during communications can be realized by how to 
sweep notch frequencies. 

The ON-OFF control of the notch filter characteristic 
can realize an adequate suppression of any disturbing 
signal depending on the influence of the actual narrow- 

75 band disturbing signal. 

All these facilities of the dual-mode cellular tele- 
phone system realize the smooth shift from the analog 
system to the digital CDMA system that possesses a 
higher performance and a larger capacity. 

20 

Claims 

1. A dual-mode cellular telephone system adapted to 
25 an analog system and a digital CDMA system, char- 
acterized in that a mobile station receiver is provid- 
ed with a narrow-band disturbing signal suppres- 
sion circuit having a notch filter (105. 108) tor sup- 
pressing a disturbing signal resulted from intermod- 

30 ulation distortion produced by a plurality of trans- 
mission channel signals from an analog base sta- 
tion. 

2. A dual-mode cellular telephone system adapted to 
35 an analog system and a digital CDMA system, char- 
acterized in that a mobile station receiver is provid- 
ed with a narrow-band disturt^ing signal suppres- 
sion circuit with a notch filter (105, 108) for sup- 
pressing a disturbing signal resulted from intermod- 

40 ulation distortion produced inside the receiver when 
receiving a plurality of transmission channel signals 
from an analog base station. 

3. A dual-mode cellular telephone system as defined 
45 in claim 1 or 2, characterized In that the notch fitter 

(105, 108) has at least one previously determined 
notch frequency. 

4. A dual-mode cellular telephone system as defined 
50 in claim 3, characterized in that the mobile station 

is provided with a receiver (102) and a level detect- 
ing circuit (109) that monitors an output level of the 
receiver (102) and, only in the case of the output 
level exceeding a previously determined reference 
55 level, controls the notch filter (108) to possess a 
specified notch characteristic. 

5. A dual-mode cellular telephone system as defined 
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inclaimi or 2, characterized in that a notch Irequen- 
cy of the notch filter (105, 108) is variable and is 
controlled to be the same as a presumable frequen- 
cy of a narrow-band disturbing signal. 

6. A dual-mode cellular telephone system as defined 
in claim 1 or 2, characterized In that the notch filter 
(105) has a variable notch frequency under control 
and is provided with a disturbing signal detecting 
circuit (106) for detecting a specified value of the 
variable notch frequency, at which the notch filter 
(1 05) has a minimal output, and supplying the notch 
filter (1 05) with a control signal corresponding to the 
detected frequency. 

7. A dual-mode cellular telephone system as defined 
in claim 1 or 2, characterized in that the notch filter 
(1 05) has a plurality of notch frequencies under con- 
trol being variable at a time and is provided with the 
disturbing signal delecting circuit (106) for detecting 
a combination of the plurality of notch frequencies 
under control, at which the notch filter (105) has a 
minimal output, and supplying the notch filter (105) 
with a control signal corresponding to the detected 
combination of the plurality of notch frequencies un- 
der control. 

8. A dual-mode cellular telephone system as defined 
In claim 7, characterized in that the notch filter (1 05) 
has two notch frequencies being variable at a time, 
one of which is variable within a lower sub-band of 
a desired band and the other is variable within a 
higher sub-band of the desired band. 

9. A dual-mode cellular telephone system as defined 
in claim 7 or 9, characterized in that a combination 
of the plurality of notch frequencies under control is 
determined, then several of the notch frequencies 
are fixed and the other notch frequencies are con- 
tinuously changed while detecting a change in an 
output level of the notch fitter (105) during commu- 
nications. 

10. A dual-mode cellular telephone system as defined 
in any one of claims 6 to 9, characterized in that the 
disturbing signal detecting circuit (106) monitors an 
output level of the notch filter (105) and, only in the 
case of the output level exceeding a predetermined 
reference level, controls the notch filter (105) to 
have a specified notch characteristic. 



signal corresponding to the detected frequency 
component. 

12. A dual-mode cellular telephone system as defined 
5 in claim 1 1 , characterized in that the frequency de- 
tecting circuit (107) performs Fourier transforma- 
tion. 

13. A dual-mode cellular telephone system as defined 
10 in claim 11 or 12, characterized in that the frequency 

detecting. circuit (107) monitors a received signal 
level of the mobile station and, only in the case of 
the received signal level exceeding a predeter- 
mined reference level, controls the notch fitter (1 05) 
IS to have a specified notch characteristic. 

14. A mobile station receiver operable for digital CDMA 
communication in a cellular telephone system, said 
receiver being provided with a narrow-band disturiD- 

20 ing signal suppression circuit including a notch filter 
(1 05, 1 08) for suppressing a narrow band dlsturt^ing 
signal which results from intermodulatlon distortion 
produced by a plurality of analogue transmission 
channel signals and which lies within the CDMA fre- 

2S quency bandwidth. 



30 
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40 
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11. A dual-mode cellular telephone system as defined 
in claim 1 or 2, characterized in that the notch filter 
(105) has a variable notch frequency under control 
and is provided with a frequency detecting circuit ss 
( 1 07) for analyzing a frequency component exerting 
a narrow-band disturbance on a CDMA-band signal 
and supplying the notch fitter (105) with a control 
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